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A. Task (bjective: Al gorithm Devel oprent for d obal Mappi ng of
Phycoerythrin Pignent, D ssolved Organic Matter, and
Chl or ophyl | ous Pi gnent

1. MODIS North Atlantic Test Site Establishment and
Char acteri zati on

As previously reported, the MODIS North Atlantic Test Site has
been established as originally proposed. The Test Site includes
the New York Bight/Md-Atlantic Bight/@ilf Streani Sargasso Sea
and is conveniently |located north and east of GSFC WFF
Characterization has been initiated by ship sanpling, aircraft
overflights, and analysis of historical data available from
within the NASA ACQL project since 1980. Much of the data obtained
in the northwestern portion of the test site will be used for

al gorithm devel oprrent in Case 2 waters.

a. During this 6-nmonth reporting period the Test Site
was agai n both characterized and used as a source of new
experimental airborne active-passive ocean color data in pursuit
of this teamnenber's algorithmfor the detection and mappi ng of
t he phyt opl ankt on chl orophyl | accessory pignment, phycoerythrin.
Ship flowthru phycoerythrin fluorescence spectroneter was tried
(unsucccessfully) by Dr. N el Blough (WHO) during the field
experiments in August and Novenber 1993. This equipnent will be
reconfigured and new trials conducted during the field
experiments in the Test Site in March-April 1994, The active
(laser) airborne detection of phycoerythrin has been established
since 1979 and the evidence for passive (solar) detection at
600nm was published in 1986 and 1990.

Dr. Blough also acquired filtered sanples to allow further

eval uation of the dissolved organic matter (DOVM within the MDD S
Test Site fromthe Del aware Bay nouth across the shelf, sl ope,
@il f Stream and Sargasso Sea waters. The spectral absorption and
fluorescence of these sanples are being neasured by Dr. Tony
Vodacek, a National Research Council Resident Research Associate
(RRA). These data are being used for devel oping al gorithmc
corrections for dissolved organic matter absorption.

As reported earlier, flights were conducted to the northeast of
GSFC/ WFF in early April 1993 to characterize the MDD S Test Site
during the collapse of the spring phytoplankton bloom In
addition, this flight allowed the concurrent eval uation of a new
mul ti channel array detector manufactured by Anal ytical Spectral
Devices, Inc. (loaned to ACL the project). It was found that the



color sensor |acked the requisite sensitivity for ocean col or
spectra in a high-rate/lowintegration-time node needed to all ow
editing of data containing sun glint. Accordingly, a nodest

effort was nmounted to build a suitable sensor capable of rapid
spectral neasurenent of the relatively dark ocean. This sensor
was successfully flown during the JGOFS Iron Enrichment
Experinents off the coast of Ecuador in Novenber 1993.

Additionally, the evaluation of a sea surface tenperature sensor
manuf actured and | oaned to the project by Hei mann/ EG&G was
conducted in April 1993. The tenperature sensor data eval uation
i ndicated that the sensor had the requisite stability and
accuracy needed to support the airborne active-passive ocean

col or nmeasurenents. Two units have been purchased for airborne
use.

2. Selection of Case 1 Data Sets.

H storic airborne active-passive ocean col or data

acquired within Case 1 oceanic regions with the NASA A rborne
Cceanographi ¢ Lidar are continually being screened for use in

al gorithm devel oprment. Several prom sing candi date data sets have
been identified. In particular, AOQL active-passive data in the
northwestern Atlantic Ccean east of St. Johns , Newf oundl and
(obtained in 1989 as part of the Joint dobal CGcean Fl ux Study
of the North Atlantic Bl oom Experinment) has di spl ayed remarkabl e
guality and freedom from non-chl or ophyl | ous backscatterers.
Sim |l ar data having non-absorbi ng backscatter (NAB) from
coccoliths has been identified for analysis. These |atter data
are fromthe JGOFS North Atlantic Bl oom Experi nent conducted in
1989.

B. Gther Wrk Acconplished

1. In-situ and Airborne Qptical Characterization of MODI'S North
Atlantic Test Site.

A manuscri pt describing sone of the al gorithmwork was published
during this reporting period. The reader should consult this
paper for details of the progress of the DOMretrieval using

fl uorescence nmet hods. The manuscript is: Hoge, Frank E

Ant hony Vodacek, Neil V. Bl ough, Inherent Optical Properties of
the Ccean: Retrieval of the Absorption Coefficient of

Chr omophori c Di ssol ved Organic Matter from Fl uorescence
Measurenents, Limol ogy and Cceanography, 38(7) 1394-1402, 1993.

The validity of the Test Site sanples and data have al so been
addressed during this reporting period. Specifically, the DOM
absorption fromprior cooperative ship experinents (see above
paper) have been used to establish the |levels of DOM

fl uorescence nmeasured with the NASA A rborne Cceanographi c Lidar
in both the Atlantic and Pacific Qceans. These results were al so



publ i shed during this reporting period. The reference is : Hoge,
Frank E. , Robert N Swift, Janes Y. Yungel, Anthony Vodacek,

Fl uorescence of Dissolved O ganic Matter: A Conparison of North
Pacific and North Atlantic Cceans during April 1991, Jour.
Geophysical Res. 98, No. Cl12, 22,779-22,787 (1993).

Sone of the data used in the above publications came fromthe in
situ characterization of the test site as initiated on February
28, 1991 with the acquisition of surface |ayer sanpl es obtai ned
during the Surface Wave Dynam cs Experinment (SWADE). As
previously reported, through cooperation with Dr. Charles Fl agg,
arrangenents were nade to collect 20 sanpl es al ong an in-bound
track line fromthe GQulf Streamto the nouth of the Del aware Bay.
The sanples were filtered (0.45 um to renove particulate matter
ot her than the dissolved organic matter (DOM. Spectral
absorbance of the filtered sanples were acquired at \Wall ops,
Cornel |l Laboratory for Environnental Renote Sensing (CLEARS), and
Wods Hol e Cceanographic Institute (WHO ). Spectral fl uorescence
of the filtered sanples was al so nmeasured at CLEARS (Dr. Tony
Vodacek, now a NRC Resi dent Research Associate at Wl lops) and
VWHO (Dr. N el Bl ough).

As reported in the above Li mol ogy and Cceanography paper,
recovery of the absorption coefficients for the |ight-absorbing
or chronophoric conponents of the dissolved organic natter
(aCDOM) fromtheir fluorescence em ssion has been established by
| aborat ory anal yses of the surface sanples gathered fromthe Feb.
28, 1991 cruise as well as other cruises. These absorbance and

fl uorescence anal yses, (and work reported by others), show that
absorption coefficients in the near ultraviolet can be directly
retrieved fromneasurenents of the fluorescence em ssion of CDOM
Thus, absorption coefficients in the visible spectrumcan
potentially be obtained fromthe fact that CDOM absorption is
exponentially related to wavel ength. The errors in the

| aboratory fluorescence neasurenents were mnimzed through the
conbi ned use of the water Raman scatter as an interna

radi onetric standard and a quinine sulfate solution as a
reference. This methodol ogy reduces aCDOM al gorithmretrieva
errors primarily attributable to the use of comercia

spect rophot onet ers havi ng nmaxi mum opti cal path |Iengths of 10 cm
The use of merging technol ogi es, such as the |ong-path reflecting
t ube absorption nmeter and the integrating cavity absorption
neter, are suggested for future inprovenents to aCDOMretrieva
algorithms. Wiile the aCDOMretrieval appears feasible, the
relationship to CDOM eni ssion is susceptible to changes in DOM
fluorescence yield, so the continued tenporal study of marine
sanpl es from nmany diverse oceanic |locations is needed. When
applied to shipboard and aircraft |aser fluoroneters, this
retrieval nethodol ogy and the resulting DOM absorption
coefficients will be used in ocean color nodels and associ ated
satellite sensor/al gorithm devel opnent directly ainmed at
phycoerythrin retrieval. The DOMis inportant since it is a najor
interferant to the detection and quantification of chl orophyll
and chl orophyl | accessory pignents (CAP) such as phycoerythrin.



Morevoer, DOMis a contributor to the carbon cycle itself.

2. In Situ Optical Characterization of the MODIS North Atlantic
Test Site.

The continued characterization of the Test Site is partially
described in the previously nmentioned publication in Limology
and Cceanogr aphy.

For the MODI'S Test Site during August, 1993 and Novenber, 1993
cooperative overflights of ECS Interdisciplinary Team nenber, Dr.
N. Bl ough, were conducted. Dr. Blough and NRC/ RRA, Dr. Ant hony
Vodacek, used the Research Vessel Cape Henl open to conduct DOM

i nvestigations in the Md-Atlantic Bight (and within our own Test
Site). The shi pboard phycoerythrin fl uorescence experinents were
unsuccessful but will be tried again on a subsequent m ssion. Dr.
Dan Repeta (WHO) is al so anal ysing sanples to determne the
phycoeryt hrin pignment concentration, but the results are not yet
avai |l able. O herwi se, excellent ship and aircraft overflight data
were obtained. This data is now undergoi ng anal ysi s.

1. Phycoerythrin Al gorithm Devel opnent Activities

Plans call for us to again directly address the quantification
of the phycoerythrin signal as outlined in the original MXD S
proposal . To assist us in this endeavor, we will utilize the data
obtained by Dr. Maria Vernet (during a cruise conducted during
the | ast Sem -annual reporting period). Additional (1) CDOM data
and (2) first-time ship calibration of the airborne
phycoerythrin-to-water Raman signal is potentially obtainable
fromthis field work.

2. Chlorophyll Pignment and CDOM Corrections to the
Phycoerythrin Al gorithm
Maj or perturbations or influence to the ocean col or spectrum are
provi ded by chl orophyll and CDOM These oceani ¢ constituents
significantly inpede the retrieval of phycoerythrin pigment from
t he upwel | ed radi ances. Accordingly, they nust be dealt with in a
systematic way in order to understand their effects and the
i npact on the retrieval of phycoerythrin and its ultimate
guantification. In situ and airborne data gathered to date will
be used to nodel the effects and to ascertain the extent that
they can be quantified and renoved.

3. O her Data Acquisition for Al gorithm Devel opnent
During late October and early Novenber 1993 flights were
conducted in cooperation with NSF's Joint dobal Ccean Fl ux
Study of Iron Enrichnent in the Eastern Equatorial Pacific.
Consi derabl e Case 1 ocean col or data was obtai ned during these
JGOFS flights both during the mappi ng of the ship-depl oyed iron
and during the transit to and fromthe experinent site at -90W
and -5S. Quality al gorithmdevel opnment ocean col or data was al so



obt ai ned on pre-determ ned transects wthin the naturally-
occuring Gal apagos Island plune. The transit flights from
WAl lops Flight Facility to Guayaquil (via Belize) |ikew se
yi el ded ocean col or data suitable for al gorithm devel opnent.
During the latter transit flights, numerous watermasses were
crossed. These data are bei ng eval uat ed.

C. Anticipated Activities During Next Half Year.

1. Additional flights of the NASA A rborne Cceanographic Lidar
are planned within the MODIS Test Site. Specifically, Dr. Nei

Bl ough will be overflown in the Mddle Atlantic Bight in

March/ April 1994. Dr. Tom Fisher/Dr. Larry Harding (Horn Point
Envi ronnmental Laboratory/Univ. Ml.) together with Dr. Frank

Mul | er-Karger will be overflown in the region extending fromthe
Chesapeake Bay nmouth to Cape Hatteras.

2. Plans are being nade to participate in the JGFS Arabi an Sea
Experinent in July 1995. This is an opportunity to obtain data in
an entirely different oceanic province. As did the Iron

Enri chnment Expeerinment flights, these flights will serve as a

val uabl e data source for al gorithm devel opnent. This shoul d
contribute to the goal for universality of the algorithnms being
devel oped.

D. O her Concerns

The | ack of a 600nm band on MODIS-N is the biggest problemfacing
the retrieval of the phycoerythrin pignment on the first sensor

| aunch. Plans to synthesize a 600nm band from exi sting bands

wi Il be performance tested using data obtained over actual
oceani ¢ phycoerythrin pignment using the 32-band AOL passi ve ocean
col or subsystem (POCS). Recent studies of avail abl e nodel s,
however, suggests that the retrieval of the phycoerythrin pignent
at the absorption peaks of 495nm (phycourobilin, PUB) and 545nm
(phycoerythrobilin, PEB) may possibly be achieved using the 490nm
and 555nm MODI S bands. Such retrievals will require a highly
accurate nodel to account for the significant anmounts of

chl orophyl | and DOM absorption occuring simltaneously with the
phycoeryt hrin absorptions .



